Abstract. It has been shown that users of a digital system perceive a more 'masculine-sounding' female voice as more persuasive and intelligent than a corresponding but more 'feminine-sounding' female voice. Our study explores whether a parallel pattern of affectively colored evaluations can be elicited when femininity and masculinity are manipulated via visual cues instead of via voice. 80 participants encountered synthetic characters, visually manipulated in terms of femininity and masculinity but with voice, spoken content, linguistic style and role of characters held constant. Evaluations of the two female characters differed in accordance with stereotype predictions -with the exception of competence-related traits; for the two male characters evaluations differed very little. The pattern for male versus female characters was slightly in opposite to stereotype predictions. Possible explanations for these results are proposed. In conclusion we discuss the value of being aware of how different traits in synthetic characters may interact.
Background
As Reeves, Nass and collaborators [16] have shown, many of the affective responses that human beings evoke in one another are likewise evoked by different kinds of media, as soon as the media involves a social cue such as natural language interaction, voice, something face-like, etc. In response to these social cues, humans tend to experience, for instance, various degrees of trust, irritation and empathy, feeling flattered, humiliated, distanced, and so on. Furthermore, [16] documents how certain response patterns, known from social psychology, are paralleled in responses towards media. As an example, extroverted people tend to respond more positively towards others that speak relatively loud and with varied pitch than those who speak quietly and with little variation in pitch, and the opposite is the case for introverted people. This pattern can be reproduced towards a computer application with a voice interface [16] .
An explicitly anthropomorphic form of digital media is that of synthetic characters. These characters populate the digital society in increasing number, and there is no doubt that they do evoke affective responses. But to what extent does the embodiment in the sense of a visualized humanlike character influence the affective responses that appear already towards the same system without this visualized character? And can affective response patterns known from social psychology be elicited by manipulating only the static visual appearance of the character, while controlling for voice, content and visual dynamics such as movements and facial expressions?
The Role of Static Visual Characteristics
In line with Ruttkay and collaborators' [17] analysis of the physical appearance of a synthetic character we distinguish between: − static visual characteristics, including: (i) degrees of anthropomorphism and degrees of visual naturalism/realism; (ii) basic physical properties such as body-type, face properties, skin, hair and hair-cut, clothes and attributes -characteristics that, furthermore can make up representations of age, gender and ethnicity − dynamic visual characteristics such as facial expressions, body and hand gestures, postures, movements, etc.
Whereas visual dynamics have been extensively researched, relatively little attention has been paid to the static visual appearance or look of synthetic characters [7, 8] , even though there are important exceptions [3, 4, 11, 14, 22, 24] 1 . It is, however, well established in the case of human-human interaction that static visual appearance plays an important role for the eliciting of affective responses and evaluations. In an encounter with another person, visual cues as to the persons face, body shape, height, ethnicity, hair, dressing, etc. are immediately picked up and exploited to guide our approach to this person [18] . Among those very quick, and affectively colored, evaluations are, for instance, estimates of how friendly, how trustworthy, how dominant, and how similar to oneself somebody is [7, 14] . Our focus is on an aspect that is crucial for socio-affective responses and interaction in a human-human context, namely gender.
Gender and Affective Responses
One of the very first things we do when we encounter someone is to determine whether the person is female or male. This categorization, in turn, colors several consequent responses and evaluations. Analyses reveal, that peoples' evaluations of an identical proposal, narrative, message etc. as presented by a man versus by a woman (for instance, by a female or a male author; in a woman's or in a man's voice) often differ in accordance with gender stereotypes [1, 5] . A content mediated by a man is perceived as more credible than the same content mediated by a woman, and a male mediator is perceived as more competent than a female mediator 2 . That such evaluative patterns can also be replicated towards computer-based systems has been shown by Reeves, Nass and collaborators. In one study [16] , participants perceived a (visually non-present) digital tutor as significantly more competent 1 Furthermore, in [3] and [24] , just like in the study to be presented, aspects of visual femininity are addressed and manipulated. Baylor and collaborators [3] compare responses towards a feminine-looking and a "geek"-looking (virtual) female engineer. Waern and collaborators [24] vary body shape and clothing in terms of 'hypersexuality' in female avatars. 2 This is the case for 'neutral' content. Patterns look different with respect to contents that are considered to belong to 'typically female domains' (c.f. [16] ). and credible when it had a male voice than when it hade a female voice. Participants were more satisfied and found the praise from the tutor more valuable and trustworthy when the tutor had a male voice than when it had a female voice. Other gender aspects, applicable both to males and females, are degrees of femininity and of masculinity. Here, Reeves, Nass and collaborators [16, 23] performed a study where screen depictions of six women were accompanied by female voices electronically altered to be either 'feminine-sounding' or 'masculine-sounding'. The former were amplified in the higher and reduced in the lower frequencies and were played at softer volume. For masculine voices, the lower frequencies were amplified, the higher ones dampened, and the voices were made louder than average. Participants encountered three screen depictions with a feminine-sounding voice and three with a masculine-sounding voice. Results were that the evaluative patterns reproduced patterns known from social psychology. Masculine-sounding women were perceived as significantly more persuasive and intelligent than feminine-sounding women.
As to the visual images used in the study, theses are neither included nor described in the thesis [23] , and thus we know nothing about femininity/masculinity as visually represented in these images. It is, however, precisely this aspect that is the focus of the present study: Can femininity/masculinity as visually coded influence affective evaluations regarding persuasiveness, intelligence, empathy, warmth etc. of synthetic characters? In contrast to the [23] study we focus on evaluations of animated characters (even though the manipulated aspect is the underlying static visual character).
Issues Addressed in the Study
The inspiration to our study came from the above-mentioned study [23] in combination with our own line of research. Its primary goal was to investigate whether a gender stereotypical pattern of affective evaluations could be elicited when degrees of femininity and masculinity were manipulated visually instead of via voice cues. Would evaluations of intelligence, empathy, warmth, trustworthiness, etc. also in this case vary according to gender stereotypes known from human-human interaction? Table 1 . The parameters used in the questionnaire (translated from Swedish), categorized into five groups and ordered as opposites with stereotypic feminine traits (to the left) vs. stereotypic masculine traits (to the right). The order also corresponds to the order used in Table 2 In addition to the parameters 'intelligence' and 'persuasiveness' used in [22] we included twelve additional parameters (se above) for which peoples' conceptions and attitudes are known to relate to gender stereotypes [1, 5, 15] . Thus, the question was whether our manipulations of degree of femininity/masculinity via visual cues would be reflected in evaluations of the synthetic characters with respect to the gender stereotypical traits listed in Table 1 .
The Study

Study Design
To address these issues we created eight conditions, which each consisted of an encounter with one female and one male synthetic character. The female character should be either a feminine-looking character (F+) or a more neutral, slightly masculine-looking, female character (F-). The male character should be either a masculinelooking male character (M+) or and a slightly feminine-looking male character (M-).
Both characters should speak about a similar, gender-neutral, topic divided in two subsequent parts. After listening to each character, the participants should report their impressions of the character by means of a Likert scale questionnaire.
The participants were randomly assigned one of the eight conditions:
Materials
Visual characters: A number of images for each character were designed on the basis of the SitePal on-line demo design tool [19] . The images were further manipulated in Photoshop, to establish an image set consisting of: a body, about 10 different views of the face and about 10 different mouth shapes. The animation (including lip synchronization) was done in Flash using frame-by-frame animation. The experiment was run on a web page, with the animation incorporated as a Flash movie.
The design of the characters, exploited a number of visual cues, as follows: broader head, a more angular and pronounced jaw, a high for-head; paler colors as to eyes, mouth and hair, which weakens the impact of these female attributes; overall paler color scheme reducing the number of distinct features and thus weakening any categorization of gender − whether feminine or masculine. broader, angular and more pronounced head shapes; broader shoulders, a distinct Adam's apple, pronounced, dark eye brows; neatly done hair; a more prominent color scheme which produces distinct features and strengthens the categorization with respect to gender. Since we were interested in unreflective and affectively mediated evaluations, we wanted to avoid the use of over-explicit visual stereotypes -i.e. extremely feminine-, non-feminine-, masculine-or non-masculine-looking characters -since these are liable to initiate conscious deliberation as to what is an 'appropriate' answer, etc.
The characters were pre-evaluated in order to ensure that they were perceived as intended in terms of femininity and masculinity. Forty subjects were presented with pictures of one male and one female character, without voice, animation and background. They were asked whether they thought the male character looked masculine, neutral or non-masculine, and whether they thought the female character looked feminine, neutral or non-feminine. Results were that 14 out of 20 categorized M+ as masculine; 1 did so with M-. For the female characters, 11 out of 20 categorized K+ and 4 categorized K-as feminine. In this pre-study, note, no subject saw both females or both males. In a brief follow-up 13 additional subjects were shown all four characters and were asked which female character they thought looked more feminine and which male character they thought looked more masculine. Twelve unhesitatingly categorized the characters according to our prediction. One categorized K-as more feminine, explaining that "she looks more like a mother". A limitation of the prevalidation was that (for practical reasons) all subjects were 20 years and older, whereas half of the participants in the main study were teenagers.
An issue brought up in the pre-validating process was this: What counts as an appropriate and satisfactory pre-validation of a character design when the target is not conscious and deliberate responses towards it, in this case specifically towards visual femininity/masculinity -but instead unreflective and non-deliberate responses? These kinds of responses, note, are known to differ considerably from one another [6, 18] .
Animations: Frame-by-frame animations makes it difficult and time consuming to produce exact and identical movements in shifts of head position, lip movements (synchronization), eye blinking, and breathing -nevertheless these parameters have been considered and are more or less the same for all four characters (see demo [25] ).
Voice: Since we wanted to keep femininity/masculinity aspects as mediated through voice constant, one and the same female voice was to be used for the F-and F+ characters, and one and the same male voice for the M-and M+ characters. However, inconsistencies in virtual characters can disturb and irritate users. It was therefore important to choose a female voice that would fit both female characters, and a male voice that would fit both male characters (especially since we were interested in affectively coloured evaluations and did not want to over-layer those with affect in terms of irritation or confusion due to a mismatch between voice and visual design). The challenge was thus to find: (i) a female voice that was neither pronouncedly feminine nor pronouncedly non-feminine; and (ii) a male voice that was neither too masculine nor too non-masculine. We consulted two speech therapists (whereof one specialized in voice and gender) that arranged a contact with two people, with voices suitable according to our criteria.
Script:
The verbal script had two parts, and the aim was to have them as equivalent as possible with respect to masculinity/femininity. The subject domain chosen was medicine, which within Swedish culture is a relatively gender-neutral subject domain. The original text was taken from a Swedish popular science magazine [21] , and was adapted in order to be suitable for oral presentation. Furthermore, the text was modified in order to obtain equivalence in the two parts in terms of length, number of facts and of linguistic style, especially with respect to differences in male versus female linguistic styles [2, 15] . The script parts were then pre-tested and validated in the sense that a number of readers and listeners could not decide whether they were written by a man or a woman. The final script parts were each about 2 minutes in length.
Questionnaire:
The questionnaire consisted of a series of twenty 7-point Likert-type scales with opposite traits on the two poles. Since some of the trait pairs include one more negative and one more positive trait, the positive traits were evenly placed to the left and to the right, respectively. Fourteen of the twenty scales concerned the gender stereotype related traits that we were interested in -those presented in table 1.
The six scales omitted here relate to a parallel study on perceived attractiveness, which is outside the scope of the present article. For reference, see [12] .
Participants
Forty adolescents (aged 13-18) and 40 adults (aged 25-65) participated in the study. Within each age group there were an equal number of females and males.
Procedure
A laptop was used, and the sessions took place at different, but always calm and quiet locations with only the participant and the experimental leader present. Sessions lasted on average 25 minutes. The participants were informed that they would get to listen to two computer characters speaking about diurnal rhythm and on what happens in the body during shift work. They were told that they would first listen to doctor Elm and thereafter to doctor Ask, and that after having listened to each doctor character they would be asked questions about their impressions. Participants were also told that there would be no memory or knowledge tests, but that we were only interested in their impressions and opinions. Furthermore, they were told that they could interrupt their participation at any time. Which of the 8 conditions (order and combination of characters) was assigned to a participant was decided according to a random table.
Observe that no participant encountered the two female, or the two male characters but always one male and one female character. Upon each of the two presentations, the participants filled out the (identical) questionnaire. When the second and last questionnaire had been filled out, a brief interview was carried out with the participant on masculinity and femininity. At this stage, all four visual characters were shown to the participant, and finally she/he was debriefed about the aim of the study.
Results
Female Characters -More or Less Feminine
The five largest differences (a-e) -three significant (a-c), two nearly significant (d,e) -all follow the direction predicted by gender stereotypes. The more feminine-looking woman is evaluated as significantly more personal, warm and pleasant than the less feminine-looking and also as more subjective and friendly, as well as slightly more emphatic, submissive and uncertain of herself. (And in 12 out of all 14 traits the difference in evaluation goes in stereotype-direction, even though several of the differences are not statistically significant). If we instead look at the traits with the smallest differences in evaluations between the two characters, these are: decisiveness, experience, persuasiveness, expertise and knowledge -which all belong to the heading of expertise/trustworthiness 3 (Table 1) .
Intelligence, furthermore, is one of the two traits that does not follow gender stereotype predictions. The more feminine-looking woman is evaluated as more intelligent than the more masculine-looking one.
Male Characters -More or Less Masculine
In the evaluations of the two male characters we find much less divergence. They are very evenly evaluated, with no significant differences. If we, nevertheless, look at the four somewhat larger differences, they are all consistent with gender stereotypes. The more masculine-looking male is evaluated as more decisive, more expert, more dominant and more objective (less subjective) than the less masculine-looking male. Table 3 . Evaluation of the masculine character (M+) vs. the weak masculine character (M-).
The mean values correspond to the bipolar Likert type scales presented in Table 1 . 
And How About Male vs. Female?
Our focus was on masculinity and femininity within the categories of males and females, respectively. However, since we had the data, we also wanted to analyze the evaluations of male versus female characters. As described in section 1.2., studies have shown that when a female and a male voice are exchanged for one another in a digital system, patterns of evaluations tend to correspond to gender stereotype patterns known from social psychology. For example in the study [16] where participants found praise from a digital tutor with a male voice more credible and valuable.
Table 4. Evaluation of the female characters (F+ & F-) vs. the male characters (M+ & M-).
The mean values corresponds to the bipolar Likert type scales presented in Table 1.   L1  L3  L4  L5  L6  L7  L8  L9  L11 L13 L16 L17 L18 In our study, as well, we had a female versus a male voice, but additionally also visual representations of male versus female characters. Given this, we expected similar results as in [16] -i.e. results corresponding to gender stereotypes. However, quite to the contrary to our expectation, evaluations of male and female characters were very uniform (see table 4). They were perceived as equally warm, intelligent, emphatic, friendly, knowledgeable, personal and pleasant. The four significant or close to significant differences found -in expertise, objectiveness, decisiveness and persuasiveness -were all contrary to gender stereotypes, in the sense that the female characters were held to be more objective, decisive, experts and persuasive.
Discussion
More and Less Feminine-Looking Female Characters
The result indicates that manipulation of visual appearance of female virtual characters as to how feminine-looking they are may influence users' evaluation of the characters in accordance with gender stereotypes. Furthermore, this can, apparently, be achieved through relatively subtle visual cues.
The latter statement may seem depressing. Are humans really that sensitive to stereotype mechanisms? Do they really associate a slightly more feminine-looking female synthetic character with higher degrees of warmth, subjectivity and empathy than a slightly less feminine-looking one? It does seem so. One should remember, though, that stereotypes often operate non-consciously in evaluations and expectations [6, 10, 18] . When asked, many people deny that one or another gender stereotype cues could make any difference to them or that they would even notice them.
In the actual study, there was, however, also one cluster of traits where the evaluations of the female characters were not in line with gender stereotypes, namely those concerning the characters' decisiveness, experience, persuasiveness, expertise and knowledge. The more and the less feminine-looking characters scored more or less even on these traits. In fact, all four characters were very similarly, and highly, rated on these traits. A possible explanation, we suggest, is that gender stereotypes are here overridden by a medical doctor stereotype 4 . In the Swedish society this is a high status profession, with its practicians ascribed expertise, knowledge and intelligence.
More and Less Masculine-Looking Male Characters
The evaluations of the two male characters followed one another quite closely. In other words, the two characters did not elicit differences in accordance with gender stereotype patterns. The reason for this can only be speculated about at this stage. Perhaps more explicit visual cues in the degree of masculinity are required in order to elicit gender stereotypes for male characters. Perhaps there are inadequacies in the visual designs of the two male characters that level away evaluative differences (e.g. too large differences in the color schemes, potentially influencing evaluations of warmth and empathy). Note that such possible explanations are compatible with a pre-validation of the characters with M+ being categorized as more masculine than M-, since conscious evaluations as answers to explicit questions about gender may not necessarily match unconscious interpretations and evaluative effects.
Male Characters Versus Female Characters
The results of the comparison between male and female characters at first seemed puzzling. Here we had two unmistaken females, as to their voices as well as looks (even if one slightly more and one slightly less feminine-looking). Similarly, we had two unmistaken males as to their voices and looks (even if one slightly more and one slightly less masculine-looking). Yet, the differences in how the male versus the female characters were evaluated did not at all correspond to gender stereotypes and evaluative patterns known from social psychology. Instead, the evaluations were very uniform -with the exception of four (statistically or nearly statistically significant, yet not very large) differences. These, though, all went in the opposite direction than the direction predicted by gender stereotypes.
In order to seek an explanation of this, in our view, puzzling result, we decided to repeat the study with a number of (new) participants, but this time using only the voices and no visually appearing synthetic characters 5 . Eighteen adults took part in this follow-up-study. Again, the male and the female (now only mediated via voices) were very uniformly evaluated, and for the few differences, these were contrary to gender stereotypes. In other words, again we had a result quite contrary to social psychology studies and to studies reported in [16] . At this stage one of the article authors suggested that the puzzling results might be due to the somewhat differing dialects in the male and the female voices -the woman speaking something like standard Swedish, and the man speaking a regionally colored dialect from southern Sweden (yet quite refined or mild).
According to dialect research [20] , standard Swedish is associated with high status and authority. It is held to be neutral and clear, and is often used by politicians, company directors, actors and newscasters in national media. It is also perceived as credible and trustworthy, yet somewhat machinelike and cold. This, then, was the dialect of the female character(s) -in the original as well as the follow-up study. A participant in the follow-up-study indeed commented that the female voice sounded "monotonous but informative". Another participant said, that "she sounds like a newscaster or a spokesman for something".
Turning to regional dialects, someone who speaks a regional dialect is often perceived as kinder, duller, slower and more naïve than someone who speaks standard Swedish [20] . Some participants in the follow-up-study described the male voice, in contrast to the female voice, as "less professional", "milder" and "more easy-going".
In sum, in our experimental setup a woman's voice with high-status dialect, associated with professionalism, neutrality, facts, distance, credibility etc. (i.e. 'male' traits), had been compared to a man's voice with a low-status dialect, associated with naïveté, niceness, non-professionalism, non-intelligence, subjectivity and commonplaceness (i.e. 'female' traits). In light of this, the 'out-leveled' results in the original as well as in the follow-up study -in the sense that males and females were valued very similarly on a number of gender stereotypical traits -may be due to the fact that dialect and gender stereotypes in this case counteracted one another.
Conclusion
In an empirical study like this, one often strives to focus on and isolate specific parameters, while controlling the rest. In this case the focus has been on femininity and masculinity in the visual static appearance of synthetic characters. The results support the proposal that this is, indeed, a design aspect of these characters that plays a role for users' perceptions and evaluations of them. More importantly, influences seem to appear also when no obvious or extreme visual categories or stereotypes are involved, indicating that, perhaps, the static visual representation of synthetic characters is never socio-affectively neutral.
However, for any complex digital product, a number of factors are there to (potentially) explain users' affective responses (cf. [13, 17] ). As already pointed out, a synthetic character has, of course, more to it than its visual gender. There is an inevitable complexity in which any given design parameter will interact with others. In the present study, for instance, visually mediated gender aspects seemed to interact in particular with dialects and roles of characters 6 , in an unforeseen way that interfered with the set-up where we had aimed at controlling critical parameters.
A possible lesson to draw is that user studies, such as this one, from the outset should be framed as iterative studies to be repeated in different versions. Which aspects -in settings, tasks and various character traits -that should be modified and manipulated throughout the series of studies is however not to be settled at the start, but instead be allowed to emerge during the process. Within a more pragmatic design tradition such an explorative and iterative approach is self-evident. We hold that it can also be useful within an academic context [cf. 13]. Furthermore, we think that results from collected sets of user studies can be used as design heuristics -not that designers of synthetic characters can thereby refrain from (iterative) user evaluations, but as a means to start the navigation in the immense design space at the outset, and influence the design of the initial materials supplied for the first user evaluations.
With respect to the issue of gender perception, specifically, we believe it is useful to realize that a character is here being loaded by several parameters. Furthermore, we think that insight into how dialect stereotypes, gender stereotypes and role stereotypes can be combined as to strengthen, weaken or override each other, can be useful for designers of synthetic characters. In particular while these are artifacts with a seemingly enormous potential to elicit affective responses in users.
